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evere traumatic brain injury (TBI), a major cause of death and disability among young people, costs an estimated $45 billion a year. [1] [2] [3] Severe TBI is defined as a Glasgow Coma Scale score Յ8. Both primary and secondary brain injuries are major causes of brain damage and death after severe TBI, 4 -6 making optimal early intervention critical. Each year in the United States, there are an estimated 1.4 million TBI-related injuries and approximately 50,000 deaths. 7 Approximately 230,000 survivors of TBI (i.e. mild, moderate, and severe TBI) in the United States experience long-term disability, making TBI a major public health problem. 8 In 1991, a United States survey documented considerable variability in the management of patients with severe TBI. 9 This survey led to the development of Guidelines for the management of severe traumatic brain injury (guidelines) 10 using methodology developed by the American Medical Association. 11 These guidelines, first published in 1995, have been endorsed by the American Association of Neurologic Surgeons, the World Health Organization Neurotrauma Committee, and the New York State Department of Health, and were distributed to all neurosurgeons in the United States in 1995. Despite these extensive efforts, surveys of the management of patients with severe TBI indicate that care remains fragmented and inconsistent, 12, 13 with full guideline adherence reported in only 16% of US trauma centers. 13 Recent publications comparing mortality before and after guideline implementation have demonstrated a marked reduction in mortality. 14 -16 These studies highlight the need for widespread adherence to the guidelines as protocol to improve outcome in patients with severe TBI.
A survey of nurse managers or trauma coordinators for the intensive care units (ICUs) was conducted at US trauma centers to determine adherence to guidelines, to determine predictors of good adherence, and to compare the 1991 and 2000 surveys with the current survey.
MATERIALS AND METHODS
Designated trauma centers in the United States were identified through multiple sources. First, the hospital list used in the 2000 survey 13 was retrieved and updated, using information from state health departments and the American Trauma Society Trauma Information Exchange Program. 17 The final list of hospitals for this survey included all statedesignated and American College of Surgeons-verified Level I, Level II, and Level III trauma centers; self-designated hospitals; and hospitals that had been self-designated as Level I in 2000 but whose status was currently unknown.
Trauma coordinators or nurse managers in the ICU at each center were emailed to request that they complete a Web-based survey that was maintained by Zoomerang (MarketTools, Inc., San Francisco, CA). Respondents were ensured confidentiality of their responses. Centers that were difficult to contact by email also received a mailed letter, describing the purpose of the Web-based survey, and providing a copy of the survey questions as well as a stamped return envelope. After 2 months, centers that had not responded were telephoned, emailed again, and resent the survey by mail every 2 to 4 weeks for a total of 8 months. Those centers that had not responded after this period were considered nonrespondents. Trauma centers were excluded from the survey if they accepted patients with TBI in the emergency department and then transferred them to another facility or if they admitted and treated only pediatric trauma.
The following predictors of guideline compliance were examined and are the same as those evaluated in the 2000 survey paper. Only the primary hospital listed in the residency program was categorized as having a neurosurgical residency program. Adherence to each standard, guideline, option, and recommendation described in the guidelines was evaluated. 10 For the guidelines for which adherence was assessed through a single question with six responses (never, rarely, sometimes, very often, always, don't know), adherence was defined as very often or always and centers answering don't know were excluded from the analysis for that guideline. This approach was used to define adherence for indications for intracranial pressure (ICP) monitor insertion, ICP treatment threshold of Ն25 mm Hg, mannitol administration for ICP Ն25 mm Hg, barbiturate administration for ICP Ն25 mm Hg, avoidance of steroids for TBI without spinal cord injury, nutrition given before the seventh day after injury, and antiepileptic drug discontinuation after the seventh day postinjury. For the guideline for type of ICP monitor inserted, adherence was considered to be the insertion of an intraparenchymal bolt or intraventicular catheter.
The degree of adherence was examined and good adherence was defined as adhering to the median or a greater number of guidelines. The following nine guidelines were assessed: indications for ICP monitor insertion, ICP monitor technology, ICP treatment threshold, mannitol, hyperventilation, barbiturates, antiepileptic drug (AED) discontinuation after 7 days, avoidance of steroids, and cerebral perfusion pressure (CPP) treatment threshold of Ͻ60 mm Hg. Missing information was classified as failing to adhere to that specific guideline because this was the most conservative approach. For comparison with the 2000 survey, trauma centers were classified as fully adherent to the guidelines if the center adhered to the six guidelines assessed in the 2000 survey 13 and as partially compliant if the guidelines for indications for ICP monitoring and ICP technology were fulfilled.
Data were analyzed with SAS statistical software (SAS Institute, Inc., Cary, NC). The 2 statistic was used for the analysis of categorical variables and Fisher's exact test was used when cell frequencies were five or less.
Logistic regression was used to evaluate the impact of predictors of good guideline adherence versus poor guideline adherence. Univariate analysis was performed for each predictor of adherence. Based upon the results of the univariate analyses, all statistically significant predictors were entered into a multivariable logistic regression model and backward elimination was used to reduce the model to the final set of predictors of guideline adherence.
Adherence to the ICP monitor insertion and avoidance of steroids guideline was compared with parallel items from surveys conducted by the Brain Trauma Foundation in 1991 9 and 2000, 13 reanalyzing the data if needed. The first survey was conducted in 1991, 9 4 years before publication of the guidelines, 10 the second in 2000, 13 5 years after guideline publication, and the third in 2006, 11 years after guideline publication. The Mantel-Haenszel 2 statistic was used to evaluate whether trends over time were statistically significant.
RESULTS
The final list of trauma centers consisted of 724 Level I, Level II, and Level III centers. The 140 centers (19.3%) that stabilized patients with TBI in their emergency departments and then transferred them to an appropriate facility were excluded. Of the remaining 584 adult US trauma centers, 413 (70.7%) treated patients with TBI and agreed to participate in the survey. After excluding the small number of Level III trauma centers (N ϭ 25), there were 173 (41.9%) Level I centers and 215 (52.1%) Level II centers, representing a 90.0% participation rate. The current analyses exclude three centers without ACS or state designation, leaving 171 Level I and 214 Level II centers. Among the responding nurses, the highest degree was a doctorate in 33 (8.5%), a masters in 133 (34.3%), a registered nurse degree in 93 (24.0%), a bachelors in 88 (22.7%), a certificate in 2 (0.5%), and other in 39 (10.0%).
The state was the most common source of designation (Table 1 , online only). Level I centers were more likely to be designated by the ACS ( p ϭ 0.030) and to have a specialized ICU care for patients with TBI ( p Ͻ 0.0001), a neurosurgical residency program ( p Ͻ 0.0001), treatment protocols ( p Ͻ 0.0001), and a higher monthly volume of patients with TBI ( p Ͻ 0.0001). The overwhelming majority of trauma centers reported that most patients with severe TBI went to rehabilitation after discharge (41.9% to a facility affiliated with the trauma center and 49.7% to an unaffiliated facility).
Compared with Level II centers, Level I centers were statistically significantly more likely to adhere to guidelines for insertion of an ICP monitor, recommended ICP monitor technology, hyperventilation for an ICP Ͼ25 mm Hg, CPP treatment threshold of 60 mm Hg, discontinuation of antiepileptic drugs after day 7 in the absence of seizures, and avoidance of steroids. ICP monitors were inserted by neurosurgery residents more often than by any other medical professional (93.6%) when trauma centers had a neurosurgery residency program. Among trauma centers without neurosurgery residency programs, ICP monitors were inserted most often by neurosurgery attendings (83.8%). The use of specific therapies for an ICP Ͼ25 mm Hg did not differ by trauma center level, except for hypertonic saline and Lasix (Table 2) . Hypertonic saline was used more in Level I centers (21.0%) than in Level II centers (7.4%; p ϭ 0.0002). In contrast, paralytics were more common in Level II centers (44.9%) than in Level I centers (33.9%;p ϭ 0.03). The use of specific therapies for a CPP Ͻ60 mm Hg differed by trauma center level (Table 2) for Crystaloids ( p ϭ 0.03) and for Vasopressors ( p ϭ 0.01). Overall, crystaoloids were used by 81.0% of trauma centers, vasopressors by 87.0%, and colloids by 52.7%.
In addition to ICP monitoring, trauma centers were surveyed about their monitoring of other parameters (Table 3). Level I centers were more likely than Level II centers to continuously monitor blood pressure by an arterial line ( p ϭ 0.0004), and to continuously monitor central venous pressure ( p Ͻ 0.0001). There was no difference in continuous monitoring of end tidal CO 2 , jugular oxygen content, or brain tissue oxygen by trauma center level. Interestingly, brain tissue oxygen tension monitoring was rarely used even at Level I trauma centers (8.2%, Table 3 ). The threshold for packed red blood cell transfusions was a hematocrit Ͻ21% in 18.8% of centers, a hematocrit of 21% to 27% in 60.4% of centers, a hemat- In univariate analysis, good guideline adherence was significantly more common for each predictor examined (Table 4). When all predictors were simultaneously entered into a model, only trauma center level and treatment protocols remained statistically significant. We then considered the impact of none, one, or both of these predictors on good guideline adherence. One hundred eleven trauma centers had no predictors (28.9%), 151 (39.3%) had one predictor, and 122 (31.8%) had two predictors. Compared with trauma centers with no predictors, trauma centers with one predictor were 2.8-fold more likely to have good guideline adherence (95% CI ϭ 1.7-4.7) and trauma centers with both predictors were 5.9-fold more likely to have good guideline adherence (95% CI ϭ 3.2-10.7). Thus, the likelihood of good guideline adherence increased 2.4-fold with each predictor (95% CI ϭ 1.8 -3.3).
When applying the definitions of full and partial guideline adherence from the 2000 survey to the current survey, lack of guideline adherence occurred in 133 centers (34.5%), partial guideline adherence in 172 centers (44.7%), and full guideline adherence in 80 centers (20.8%). The proportion of trauma centers routinely using ICP monitors in severe TBI has increased steadily since 1991 ( p Ͻ 0.0001, Fig. 1 ). Adherence to the guideline for avoidance of steroids in TBI patients without spinal cord injury has also risen ( p Ͻ 0.0001). The percentage of trauma centers continuously monitoring arterial blood pressure fell from 1991 to 2000 and increased again in 2006 ( p ϭ 0.02, Fig. 1 ). Continuous monitoring of central venous pressure has risen over time ( p Ͻ 0.0001), suggesting an increase in the initiation of therapies for low CPP.
There has been a notable change in the proportion of trauma centers with full, partial, and no guideline adherence between 2000 and the current survey. During this period, lack of guideline adherence fell from 67% to 34.5%, partial guideline adherence rose from 17% to 44.7%, and full guideline adherence rose from 16% to 20.8% ( p Ͻ 0.0001). 
DISCUSSION
There has been a dramatic improvement in the care of patients with severe TBI in US trauma centers since the first survey in 1991. 9 Guidelines were first disseminated in 1995. It has, therefore, taken 11 years for more than two thirds of trauma centers to routinely insert an ICP monitor and for almost all trauma centers to avoid the use of steroids in patients with severe TBI. In addition, lack of adherence to guidelines fell more than 50% since the 2000 survey, from 67% in 2000 13 to 34.5% in the current survey. Why has it taken more than a decade to achieve this huge improvement in TBI care? * Good adherence is defined as the median or greater number of guidelines for which there was adherence among trauma centers. Trauma centers with missing information on adherence to a guideline were considered to be nonadherent to that guideline.
† One center was missing information. ‡ Includes neurologic/neurosurgical ICU, neurologic/trauma ICU, and surgical/trauma ICU. § Twenty two centers that answered Љdon't knowЉ are missing information on monthly volume of severe TBI. NA, not significant in the multivariate model (including all predictors that were significant on univariate analysis; therefore, not included in the final model); ICU, intensive care unit.
Fig. 1. Trends in guideline compliance and continuous monitoring over time.
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Previous studies have suggested that physician behavior is rarely changed simply by the publication of evidence-based guidelines. 19 This is consistent with results of the US trauma center survey conducted in 2000, 13 which reported that ICP monitor insertion increased little between 1991 and 2000. Lack of awareness, agreement, and familiarity with guidelines have been cited as common barriers to changing practice. 19 Before conducting the last survey in 2000, only two studies 20, 21 had compared patient outcome before and after guideline implementation. Presently, there are a total of eight studies comparing patient outcome before and after implementation of guidelines as protocol, which have suggested that adherence to such protocols saves lives, improves patient outcome, and reduces the cost of acute care. 14 -16,20 -24 These publications may account for some of the increased use of treatment protocols in US trauma centers over time. In 2000, 44.6% of US trauma centers had treatment protocols 13 but by 2006, 53.4% reported treatment protocols, parallel to the 57% observed in European centers. 25 Also, strong new evidence supporting the guideline for avoidance of steroids in TBI was recently published. This evidence comes from the largest randomized, double-blind, placebo-controlled, multicenter trial ever conducted in TBI (N ϭ 10,008) and demonstrated that intravenous corticosteroids significantly increase mortality. 26 Collectively, these studies may constitute a critical mass of information, supporting guideline implementation and creating the necessary awareness and agreement needed to alter practice. Interestingly, hypertonic saline was used at 20.8% of Level I trauma centers, despite a small negative trial conducted in 1998. 27 Trauma center level and treatment protocols were predictive of good guideline adherence. In addition, compared with Level II trauma centers, Level I centers were significantly more likely to have treatment protocols for severe TBI and they were more likely to have a higher monthly patient volume. High trauma center volume has been variably associated with decreased mortality. 28 -30 However, the institution of treatment protocols has been associated with greatly improved outcome in multiple studies. 14 -16,20 -24 These factors may suggest the need for increased regionalization of trauma centers. 31 The concept behind regionalization of care is that nontrauma centers provide less optimal care compared with designated trauma centers with established treatment protocols and the resources to treat trauma, including neurosurgeons, neurosurgical residency programs, intensivists, and appropriate ICU care. Thus, regionalization shifts trauma care to the centers best able to manage these patients. Also, regionalization lowers the risk of death, particularly for the most severely injured patients. 32 Even across trauma centers, there is variability in care by level of trauma center designation; treatment at Level I trauma centers has been shown to reduce mortality by 9% compared with treatment at Level II trauma centers. 33 Other studies have discussed the difficulty of determining the reasons for a better outcome at Level I compared with Level II trauma centers. 34 The data reported here suggest that guideline-directed treatment protocols may account for the improved outcome of patients with severe TBI treated in Level I trauma centers. These data suggest that better outcomes can be achieved through further regionalization of the care of severe TBI to high volume Level I trauma centers with treatment protocols or through the further implementation of guidelinedirected protocols at Level II centers.
In the 2000 survey, the presence of a neurosurgery residency program was associated with full guideline adherence, 13 but this tendency was not replicated in the current survey. One possible reason for the difference between surveys is that more then 95% of neurosurgery residents practiced at Level I trauma centers but not all Level I trauma centers had neurosurgery residency programs. Neurosurgery residents placed almost all ICP monitors in centers with neurosurgery residency programs whereas that work was shifted to neurosurgery attendings in almost all centers without neurosurgical residency programs.
The survey was completed by trauma coordinators or nurse managers in the ICU at each trauma center. It is possible that their responses do not reflect actual practice, because some respondents may not have been involved in direct patient care or because they had limited experience caring for TBI patients. This could lead to either an over-or underestimation of guideline adherence. It is also possible that neurosurgeons, ICU directors, and trauma surgeons may have responded differently, as has been suggested by Marion et al. in a survey of 40% of neurosurgeons in North America. 35 These possibilities were impossible to evaluate directly. However, it was possible to compare the survey results with actual patient data from a New York State program. 36 Parallel to data from the surveys reporting an increase in the frequency of ICP monitor insertion from 51.6% in 2000 13 to 77.4% in the current survey, ICP monitor insertion increased in New York State from 52.4% in 2000 to 71.3% in 2005. Thus, it is possible that the surveys are detecting actual changes in practice over time.
Adherence to evidence-based guidelines for the acute management of patients with severe TBI has improved dramatically since 2000. 13 In the current survey, trauma center level and presence of treatment protocols were associated with good guideline adherence in adjusted analyses. This suggests that implementation of guideline-directed protocols at Level I and Level II trauma centers or regionalization of TBI care to designated trauma centers with protocols, may be the best approach for optimizing outcome for these patients.
EDITORIAL COMMENT
This article surveyed trauma coordinators or nurse managers about patients with brain injuries at their hospitals, specifically asking about management practices and other characteristics. The authors quantified the extent to which the respondents at 385 designated Level I and II trauma centers reported that they followed nine practices recommended in the Brain Trauma Foundation's (BTF) guidelines. The authors report that adherence to the BTF guidelines has significantly increased when the current results are compared with those from a 2000 survey.
It is difficult to separate the influence of the specific BTF guidelines from the larger movement toward evidence-based medicine and, particularly, toward the use of management protocols based on the best available evidence. Theoretically, the management recommendations in the BTF guidelines should be arrived at by any individual or group that performs a careful review of the available literature. Evidence that at
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Volume 63 • Number 4least some hospitals performed more widely ranging literature analyses to construct management algorithms that go beyond the BTF topics includes the use of hypertonic saline, hypothermia, and brain tissue oxygen monitoring in some centers (Table 2) , even though the BTF guidelines did not address these specific topics.
In terms of strict clinical trial methodology, it is extremely difficult, if not impossible, to demonstrate that adoption of any specific set of guidelines is responsible for improvements in clinical results. Any improvements more likely result from an institution's introspective process of re-examining its current practices and eliminating unjustifiable variation by standardizing management according to the best available evidence. Carefully constructed documents like the BTF guidelines are excellent places to start.
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